ABSTRACT -We studied 11 patients (9 males) with cytogenetic diagnosis of fragile X syndrome (FXS) with the purpose of investigating the neural circuitry involved in this condition. The ages ranged from 8 to 19. All the individuals presented large ears, elongated faces and autistic features. Ten patients had severe mental retardation. Attention disorder was found in 10 individuals. Electroencephalographic recordings were abnormal in 6 of 10 patients examined, showing focal epileptiform discharges predominantly in frontal and parietal areas. All patients underwent magnetic resonance imaging studies which were abnormal in 8 of them. The most important abnormalities were reduction of the cerebellar vermis and enlargement of the IV ventricle. Single photon emission computerized tomography (SPECT) was performed in 7 patients and was abnormal in all of them, the most frequent finding being a hypoperfusion of the inferior portions of the frontal lobes. Based on the clinical picture, neuropsychological findings and functional and structural imaging studies we suggest that FXS presents with a dysfunction involving a large area of the central nervous system: cerebellum -basal frontal regions -parietal lobes. The literature points to a disturbance involving the same neural circuitry in patients with autism.
Fragile X syndrome (FXS) is one of the most common genetic etiologies of mental retardation 1 . The condition is characterized by a constriction (or fragile site) on the long arm of the X chromosome. The prevalence figure for affected males can be estimated to be one per 1250 2 . Physical features include an elongated face, large ears, prominent forehead, and macroorchidism, usually more pronounced in postpubertal affected males. At least one-third of female heterozygotes present clinical manifestations which are similar in quality but lesser in severity than those seen in males with this condition 3 . Evidence suggests that there is a correlation between FXS and autism since almost all FXS patients exhibit autistic characteristics. Typical behavior includes poor eye contact, tactile defensiveness, hand flapping, hand biting, perseverative speech, hyperactivity and a short attention span. Therefore, many authors consider FXS as a biological model to study autism [4] [5] [6] [7] [8] .
The purpose of this study was to evaluate the neurological, behavioral, neuropsychological and neuroimaging aspects of a group of patients with FXS and to correlate these findings in order to investigate the neural circuitry involved in the syndrome. We also wished to compare the findings in our patients with FXS with those reported in children with autism.
PATIENTS AND METHODS
Eleven patients (9 males, 2 females), aged 8 to 19 years with cytogenetic diagnosis of FXS were submitted to:
-Clinical and neurological evaluation; -Psychometric assessment with application of Wechsler Intelligence Scale for Children (WISC) 9 , and the Gestalt Test of Bender 10 ; -Neuropsychiatric evaluation of behavior according to clinical assessment following the criteria presented by the Manual of Statistical Diagnosis (DSM-III-R) 11 ; -Neurosychological evaluation through an assessment battery adapted from Mental State Assessment by Weintraub and Mesulam 12 , which estimated attention (attention disorder was considered present if the patient had impersistence and/or perseveration), language, memory, praxis, gnosis, and complex tasks; -Electroencephalogram (EEG). The tracings were taken only under induced sleep with chloral hydrate due to lack of cooperation; all patients had 16-channel EEGs with the international 10-20 electrode system; -Study of the cerebral perfusion using single photon emission computerized tomography (SPECT) imaging with the administration of 15mCi (740MBq) of HMPAO-99mTc while resting. SPECTs were interpreted by two experts, comparing qualitatively with normal exams and taking quantitative measures to have more accurate data; -Magnetic resonance imaging (MRI) using a General Electric 1.5 Tesla Sigma Scanner. The patients were under anesthesia. Scans were interpreted by one expert, comparing qualitatively with normal exams.
RESULTS
All patients presented elongated face and large ears (Fig 1) . Macroorchidism was found in 3 male patients. Ten patients had severe mental retardation and one, moderate mental retardation. Autistic features were found in all patients: poor eye contact was observed in 10/11 patients, stereotypic movements in 8/11, hyperactivity in 9/ 11, hand biting in 3/11, perseverative speech in 9/11 and speech delay in all 11 patients. Neurological evaluation revealed Babinski sign in 5 patients (45.4%), hyperreflexia in 4 (36.3%), divergent strabismus in 3 (27.2%), head circumference alteration in 2 (18.1%), one with microcephaly and one with macrocephaly, hypotonia in 2 (18.1%) and neuromotor developmental delay in 8 (72.7%).
Four patients (36.3%) had epilepsy, one had febrile seizure and one had one single unprovoked seizure. All epileptic patients have their seizures controlled with antiepileptic drugs.
Neuropsychological evaluation revealed attention disorder in 10 individuals and one patient did not cooperate with the examination. We found impersistence in 10 patients (90.9%) and perseveration in 6 (60%). All 11 patients were able to perform simple memory, praxis, gnosis and constructional tasks. All patients had comprehension difficulty. All but one patient were right handed.
Ten patients had EEG which showed frontal and parietal epileptiform discharges in 6 (Table 1) .
MRI was done in all individuals and was abnormal in 8 of them, mainly a reduction of the cerebellar vermis and enlarged IV ventricle (Fig 2) . SPECT revealed cerebral blood flow alterations in all 7 patients who underwent this exam, mostly hypoperfusion of the inferior portions of the frontal lobes (Fig 3) . The neuroimaging results are shown in Table 2 . 
DISCUSSION
Our data suggest that there is a similarity between autism and FXS, as the results showed that our patients exhibit many autistic characteristics.
Neuropsychological evaluation revealed short attention span in 10 patients and impaired comprehension in all of them. Every patient showed speech delay. Failure to acquire speech at the expected age and impaired comprehension of language are frequent findings in autistic children 13, 14 . The attention tasks were poorly performed. A disturbance of the attentional matrix results in impersistence and perseveration 12 , common findings in this study. Other authors found attention deficit disorder in FXS 7, 8, [15] [16] [17] and it is considered that virtually all autistic children have some type of attention disorder 14 . So, the neuropsychological results in our patients are further evidence for similar behavioral manifestations in autism and FXS.
Attention difficulties, perseverative speech and behavior, and hyperactivity have been considered frontal lobe deficits, since this cortical region is the most intimately related to the maintenance of the attentional matrix 18, 19 . Patients with frontal lobe lesions commonly show deficits in tests that are known to be sensitive to attentional disturbances. The neural network of directed attention contains a frontal representation, a posterior parietal cortex representation and a reticular representation that provides a tone for the attentional matrix 18 . Physiologic studies in autistic children such as PET have revealed abnormalities of the cerebral cortex and, in particular, of association cortex (frontal and parietal lobes) 20, 21 . Some investigators have noted that the PET abnormalities involve the neural circuitry for selective attention and have proposed primary dysfunction in the cortical mechanisms for selected attention in autism 22, 23 . Brain SPECT imaging in our study revealed mainly hypoperfusion of the inferior portions of the frontal lobes and hypoperfusion of the parietal lobes in a few patients. Our data reinforce the involvement of the frontal and parietal lobes in the neural circuitry of the attentional network in the FXS. Our findings agree with those of the literature in autism [20] [21] [22] [23] .
In this study, the EEG showed focal epileptiform discharges in 60% of the cases, predominantly in the frontal and parietal areas. The EEG findings in our patients agree with the SPECT data and also point to a disturbance involving the neural circuitry responsible for the attention span.
Four of our patients were epileptic and all of them were controlled with antiepileptic drugs. Other investigators have also noted the benign course of epilepsy and the good response to the treatment in FXS patients 8, 17, [24] [25] [26] .
The MRI was abnormal in 8 patients, showing mainly a reduction of cerebellar vermis and enlargement of the IV ventricle. Reiss et al. 3, 27, 28 have done neuroanatomic studies with MRI in FXS patients and also have found a reduction of cerebellar vermis and an enlargement of the IV ventricle when comparing to a control group. Courchesne et al. 29, 30 have observed the same findings in autistic patients. These authors suggest that cerebellar vermis dysfunction may play a prominent role in the development of the autistic behavior. Another possibility is that the cerebellar vermis may modulate attention through the connections with the reticular system of the brainstem which is part of the attention neural circuitry. ↓ Vermis, hypoplasia of the vermis of cerebellum; ↑ IV, enlarged IV ventricle; ↑ Lat., enlarged lateral ventricles; Hypop., hypoperfusion; Front., inferior portions of frontal lobes; Par., parietal lobes; Occip., occipital lobes; NC, patient non-cooperative.
In conclusion, based on the neuropsychological findings as well as on functional and structural imaging tests, we suggest the involvement of a large network in the FXS: cerebellum -basal frontal regions -parietal lobes.
We also conclude that brain SPECT and MRI imaging are useful techniques that contribute to the understanding of the neurological basis of the FXS.
